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图展开（AEPE）法，使包含耦合效应的阵列方向图可以使用 FFT 进行快速计算。 
本文首先介绍基于交替投影的三种阵列综合方法，包括传统交替投影方法、
迭代 FFT 方法和迭代 NUFFT 方法。传统交替投影方法可以用于综合任意结构阵
列聚焦和赋形波束方向图，且可以对阵列激励幅度和相位进行约束，是一种通用、
简易的阵列综合方法。迭代 FFT 方法和迭代 NUFFT 方法采用 FFT 对均匀和非
均匀阵列方向图计算进行加速，可以综合大规模阵列。以上三种方法中，交替投
影法可以用于考虑耦合效应的任意阵列综合，但是计算效率不如后两种方法；而













































 As an important basic theory of antenna array design, pattern multiplication reveals 
the composition of arrays for identical elements, that is, the field of array is equal to the 
product of the field of a single antenna and the array factor. Based on this theory, the 
obtained expression of array factor is consistent of the discrete Fourier transform, so 
the fast Fourier transform (FFT) can be used to accelerate the calculation of array factor. 
The iterative Fourier transform (IFT) method takes advantage of the Fourier transform 
relationship between the excitation distribution and the array factor to adjust the array 
pattern and excitation iteratively, which is a fast array synthesis method for large array. 
However, there is a mutual coupling effect between the elements in actual array, which 
makes the ideal array pattern obtained by pattern multiplication deviate from the real 
array pattern. For the IFT method, the mutual coupling between the elements will 
deteriorate the low sidelobe characteristic. In this paper, two active element pattern 
expansion (AEPE) methods are proposed by using the active element pattern technique, 
so that the array pattern considering coupling effect can be calculated efficiently by FFT. 
 In this paper, we first introduce three kinds of array synthesis methods based on 
alternating projection, including traditional alternating projection, iterative FFT method 
and iterative NUFFT method. The traditional alternating projection can be used to 
synthesize focused and shaped beam pattern for an arbitrary array with excitation 
constraints, which is a general and simple array synthesis method. The iterative FFT 
method and iterative NUFFT method apply FFT to accelerate the calculation of array 
pattern of uniform and non-uniform array, which is capable of synthesizing large array. 
In the above three methods, alternating projection can be used to synthesize arbitrary 
array considering coupling effect, but the computational efficiency is not as good as the 
latter two methods. The iterative FFT and iterative NUFFT method have higher 
efficiency, but cannot include the coupling effect. Therefore, the above three methods 















 Based on the above research background and method analysis, this paper first 
proposes the least squares active element pattern expansion (LS-AEPE) method, which 
enables the array pattern of uniform linear array including coupling effect to be 
accelerated by FFT. Based on the LS-AEPE method, the proposed LS-AEPE IFT 
method is more accurate than the original IFT method, and more efficient than the LS-
AEPE GA method. 
 However, the LS-AEPE method can only be used for the fast calculation of uniform 
linear array pattern including coupling effect. In this paper, the LS-AEPE method is 
improved and a virtual active element pattern expansion (VAEPE) method is proposed. 
The VAEPE method can be used to accelerate the calculation of the non-uniform linear 
array pattern with coupling effects. Based on VAEPE method, the VAEPE-IFT method 
is proposed, which is used to synthesize the focused and shaped beam pattern, and 
compare with other advanced methods. 
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馈入或接收电磁能量的装置。天线的发展历史最早可以追溯到 19 世纪 70 年代，
James Maxwell 提出一套关于电和磁的理论，并用一组方程将它们之间的关系描















列天线，可以通过改变阵列的 4 个参数来实现，这 4 个参数分别是阵元数目、阵
元位置、激励幅度和激励相位。根据需求的辐射特性，如副瓣电平、预期方向图、










































































分思想。这一思想经 Storn 和 Price 的多次修改、完善，最终形成了差分进化算
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